Abstract There are several protection methods used to prevent distal embolism during carotid artery stenting (CAS). The aim of this study was to compare the dual protection method (proximal balloon and distal filter protection) with the distal filter protection during CAS performed at a single center. Between April 2008 and November 2013, 78 consecutive patients with internal carotid artery stenosis were treated with CAS at Istukaichi Memorial Hospital. Twenty-four consecutive patients were treated with CAS using distal filter protection (distal filter protection group), and 54 consecutive patients were treated with CAS using dual protection with a proximal balloon and distal filter protection (dual protection group). We examined the hyperintensity lesions on diffusion-weighted imaging (DWI) and perioperative complications after CAS. All stenotic lesions were successfully dilated. DWI showed hyperintensity lesions among 54.2 % (13/24 patients) in the distal filter protection group and in 27.8 % (15/54 patients) in the dual protection group (p=0.024). The average number of hyperintensity lesions on DWI was 1.75 (range, 0 to 6) in the distal filter protection group and 0.59 (range, 0 to 5) in the dual protection group (p=0.0087). Postprocedural persistent ischemic complications occurred in 4.2 % (1/24 patients) in the distal filter protection group and 3.7 % (2/54 patients) in the dual protection group (p=0.67). In this study, the dual protection method reduced the number of hyperintensity lesions seen on DWI when compared with the distal filter protection method when used for distal embolic protection during CAS.
Introduction
Carotid artery stenting (CAS) is a valuable treatment for highrisk patients with internal carotid artery (ICA) stenosis [2] . During the CAS procedure, preventing ischemic complication is important, and cerebral protection strategies can reduce ischemic embolization. Filter protection systems are widely available and easily maneuverable, and they allow maintenance of antegrade carotid flow during the CAS procedure [27] . However, many studies have reported that the use of distal filter alone is associated with a higher risk of debris migration into the ICA [8, 9, 22] . Therefore, there are several types of embolic protection that can be used, including flow arrest systems [13] , flow reversal systems [17] , and dual protection (combination distal filters and flow reversal systems) [11, 19] . Diffusion-weighted imaging (DWI) is a very sensitive technique used for the diagnosis of cerebral ischemia, and DWI showed more hyperintensity lesions in patients undergoing CAS with the use of distal filter protection than dual protection. We performed CAS using two types of distal embolic protection methods: distal filter protection alone versus proximal balloon and distal filter protection (dual protection). The aim of this study was to compare dual protection (proximal balloon and distal filter protection) with distal filter protection during CAS in a single center.
Material and methods
Our institutional review board approved this study; written informed consent was obtained from all patients. From April 2008 to November 2013, a total of 78 patients were treated with CAS by the same neurointerventionist at Istukaichi Memorial Hospital. CAS is used for patients with ICA stenosis ≥50 % in symptomatic patients and ≥80 % in asymptomatic patients. The stenosis percentage was determined by the criteria of the North American Symptomatic Carotid Endarterectomy Trial. A total of 69 patients were male, and nine cases were female. Mean age was 75.4 years (range, 57-86 years). Twenty-two patients were symptomatic, and 56 were asymptomatic. Twelve had minor stroke, and 10 had transient ischemic attack. In this study, two types of protection methods were used during CAS. Between April 2008 and November 2009, 24 consecutive patients were treated with CAS using only distal filter protection. Between November 2009 and November 2013, 54 consecutive patients were treated with CAS using dual protection (proximal balloon plus distal filter protection).
Procedure

Distal filter protection
Dual antiplatelet (aspirin 100 mg/day and clopidogrel 75 mg/ day) therapy was initiated at least 1 week before CAS. Statins were given to all patients at least 4 weeks before CAS. CAS was performed under local anesthesia, and an activated clotting time of more than 300 s was maintained by intravenous administration of heparin.
A 6-Fr 90-cm sheath was introduced into the common carotid artery (CCA). A distal filter protection device (Angioguard XP: Johnson & Johnson, Miami Lakes, FL) crossed the stenotic lesion and was introduced into the high cervical ICA (Fig. 1) . Predilation was performed, a self-expanding stent (PRECISE: Johnson & Johnson, Miami Lakes, FL, or Carotid Wallstent: Boston Scientific, Natick, MA) was deployed, and postdilation was performed. Several aspirations of the ICA blood column were performed by the aspiration catheter, and the CAS procedure was finished.
After CAS, argatroban (2.5 mg/h) was continued for 12 h. Dual antiplatelet drugs were administered for 3 months, and a single antiplatelet drug was prescribed thereafter indefinitely.
Dual protection (proximal balloon protection with/without external carotid artery occlusion plus distal filter protection) Dual antiplatelet (aspirin 100 mg/day and clopidogrel 75 mg/day) therapy was initiated at least 1 week before CAS. Statins were given to all patients at least 4 weeks before CAS. CAS was performed under local anesthesia, and an activated clotting time of more than 300 s was maintained by intravenous administration of heparin.
A 9-Fr 25-cm sheath was placed into the femoral artery, and a 4-Fr sheath was placed into the femoral vein. A 9-Fr occlusion balloon-guiding catheter (OPTIMO; Tokai Medical Products, Aichi, Japan) was introduced into the CCA. In 26 consecutive patients from November 2009 to July 2011, the CCA only was occluded. In 28 consecutive patients from August 2011 to November 2013, the external carotid artery (ECA) in addition to the CCA was occluded by a balloon wire system (Guardwire; Medtronic, Minneapolis, MN). The proximal end of the 9-Fr occlusion balloon-guiding catheter was connected with the 4-Fr sheath that was inserted into the femoral vein; this was done to allow blood return to the venous circulation from the reversed arterial blood flow under proximal balloon occlusion of CCA with/without ECA. Under the proximal balloon occlusion, a filter wire (Angio-guard XP or FilterWire EZ; Boston Scientific) crossed the stenotic lesion and was introduced into the high cervical ICA (Fig. 2) . The following procedure was performed with the dual protection method using the proximal balloon and the distal filter protection devices simultaneously. Predilation was performed, a self-expanding stent (PRECISE or Carotid Wallstent) was deployed, and postdilation was performed. The aspiration catheter was advanced toward the filter over the wire of the filter device. The tip of the aspiration catheter was placed between the filter device and the proximal end of the stent, and several aspirations of the ICA blood column were performed. The CAS procedure was finished.
Postoperative evaluation
A change in the stenotic lesion, the number of hyperintensity lesions on DWI, and postoperative complications within 30 days were examined in the distal filter protection group and dual protection group. Magnetic resonance imaging (MRI) was performed within 3 days after CAS, and the number of new hyperintensity lesions was counted.
Statistical analysis
Statistical analysis was performed using the JMP software package version 10. The presence and number of new lesions on DWI and postoperative ischemic complications were compared between the distal protection group and the dual protection group using the Fisher's exact probability test and Mann-Whitney test. A p value of <0.05 was regarded as statistically significant.
Results
Clinical results are shown in Table 1 . All patients were successfully treated and showed satisfactory dilation. New hyperintensity lesions on DWI after CAS were seen in 54.2 % (13/24 patients) in the distal filter protection group and in 27.8 % (15/54 patients) in the dual protection group (p=0.024). The average number of hyperintensity lesions on DWI was 1.75 (range, 0 to 6) in the distal filter protection group and in 0.59 (range, 0 to 5) in the dual protection group (p = 0.0087). Transient neurological deficits occurred in 12.5 % (3/24 patients) in the distal filter protection group and in 1.9 % (1/54 patients) in the dual protection group (p= 0.084). Permanent neurological deficits within 30 days occurred in 4.2 % (1/24 patients) in the distal filter protection group and in 3.7 % (2/54 patients) in the dual protection group (p=0.67). Other adverse events within 30 days after CAS were not seen in either group.
Discussion
The Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy (SAPPHIRE) study [10] showed that 3-year outcomes of CAS with embolic protection devices (EPDs) were similar to those of carotid endarterectomy (CEA). The Carotid Revascularization Endarterectomy Versus Stenting Trial (CREST) study [5] showed that CAS with EPDs was not inferior to CEA despite a higher risk of stroke. The Japan Carotid Atherosclerosis Study (JCAS) [7, 15] showed that the major adverse event rate at 30 days after CAS was 3.5 %, which was not different from that associated with CEA (3.2 %) [15] . Although the use of CAS has been increasing in Japan because CAS with EPDs was not inferior or was equal to CEA, and because CAS is less invasive than CEA [16, 24, 27] , distal embolic protection during CAS must be performed.
There is general consensus that protection should be performed to prevent ischemic complications in CAS, and there are two types of protection devices (filter and balloon) and two protection strategies (distal and proximal). Filter protection systems are widely available and easily maneuverable, and Fig. 2 Lateral view of the digital subtraction angiogram shows that the external carotid artery (ECA) (single arrow) and common carotid artery (CCA) (double arrow) are occluded by the balloon and that the filter protection device (triple arrow) has been introduced into the high cervical internal carotid artery (ICA) they allow maintenance of antegrade carotid flow during the procedure. In addition, the filter itself may allow the passage of some debris [9, 22] . When compared with distal balloon occlusion, filters have some disadvantages; for example, they have to allow particles smaller than their pore sizes (100 μm) to pass through them or, if not well adapted to the vessel wall, to pass along the filter. A proximal protection system may be more effective in preventing embolization, mainly because it is placed and functioning before the lesion is crossed and because it induces reversed flow by occluding both the ECA and the CCA [4] . A significant reduction in the rate, the number, and the volume of new cerebral ischemic lesions was found in patients who underwent CAS with proximal balloon when compared with patients who underwent CAS with distal filter protection. Asakura et al. reported that the Parodi system was associated with almost the same rates of new highintensity lesions on DWI when compared with diagnostic angiography [1] . The Prevention of Cerebral Embolization by Proximal Balloon Occlusion Compared to Filter Protection During Carotid Artery Stenting (PROFI) study showed that proximal balloon occlusion resulted in a significant reduction in the incidence of new cerebral ischemic lesions assessed by DWI when compared with distal filter protection (45.2 vs. 87.1 %). Additionally, the number and the volume of new cerebral ischemic lesions were also significantly reduced by proximal balloon occlusion [4] . The most popular and stable protection system involves proximal protection in the CCA and ECA and intentional reversed flow to the venous system [23] . It is also possible to add double or triple protection to the balloon occlusion catheters for special cases to achieve the highest level of protection. Montorsi et al. reported that CAS with proximal occlusion was associated with a significantly lower microembolic signals (MES) rate when compared with the FilterWire EZ, suggesting better brain protection. This method may be associated with a substantial embolization risk, especially in tight and soft/ulcerated plaques [6, 18] . The MES number in the FilterWire EZ group was similar to that reported in unprotected CAS or in CAS performed with different distal protection devices [20] . Proximal protection seems to be more effective than distal filter protection in preventing distal embolization during CAS. Furthermore, the utility of combination of proximal protection and distal filter has been recently reported [11, 12] . Harada et al. [11] compared 50 CAS procedures under distal filter with 31 CAS procedures under combination of the proximal occlusion of only CCA without the ECA occlusion and a distal filter. Procedure-related neurological deficits occurred in 6.0 % (3/50) and 3.2 % (1/31) in distal filter and combination protection, respectively. New ischemic lesions on DWI were detected in 44.0 % (22/50) and 12.9 % (4/31) in distal filter and combination protection, respectively. The rates of captured debris by using distal filter were 64.0 % (32/50) and 29.0 % (9/31) in distal filter and combination protection, respectively. They concluded that combining distal filter and proximal protection reduced debris captured by the distal filter and occurrence of postprocedural ischemic lesions on DWI. Furthermore, Harada et al. [12] reported 56 CAS procedures with the dual protection of flow reversal and a distal filter, and intermittent occlusion of both the CCA and the ECA. Debris was captured by only the blood filter in 38.5 % (20/52) and by both the blood filter and distal filter in 17.3 % (9/52) of cases. New hyper-intense signals on DWI were detected in 5 (9.6 %) of the 52 patients. They concluded that combined protection comprising flow reversal and a distal filter might overcome the disadvantage of distal embolization during balloon deflation, because the distal filter might trap migrating emboli caused by restored flow. Furthermore, they concluded that the additional distal filter captured emboli, and because the occlusion was only intermittent, the procedure was potentially applicable even for those who could not tolerate prolonged balloon occlusion of the CCA. Dual protection (proximal occlusion and a distal filter) during CAS seems to be very protective against distal embolization [11, 12] . DWI, which is a sensitive tool in identifying new ischemic lesions, revealed cerebral embolic complications during CAS [14] . In patients undergoing cerebral angiography and CAS, cerebral ischemic lesions can be detected in up to 70 % of patients [3, 25, 26] . New cerebral ischemic lesions, mainly silent, have been detected by using DWI after either diagnostic or interventional procedures of the extracranial carotid arteries [3] . A systematic review that included 1363 patients undergoing CAS, reported a 37 % mean rate of new ischemic lesions [21] . These lesions were detected both in and outside the target vessel territory, suggesting suboptimal brain protection in the former case and a role for complex anatomy, and diffuse disease of the aortic arch and supra-aortic vessels as sources of embolization in the latter case. The lesions were ipsilateral in 78 % of patients, highlighting the CASassociated risk and the need for further improvements in cerebral protection.
In this study, we compared the dual protection method (proximal balloon and distal filter protection) with distal filter protection during CAS at a single center. The hyperintensity signals detected by DWI were seen in 54.2 % (13/24 patients) in the distal filter protection group and in 27.8 % (15/54 patients) in the dual protection group, and the rate of stroke (including minor stroke) within 30 days was 4.2 % (1/24 patients) in the distal filter protection group and was 3.7 % (2/54 patients) in the dual protection group. On the other hand, if proximal balloon protection was well applied, a filter device may be not needed. However, if reversed flow condition is not achieved, there is a risk of the debris migration into the cerebral arteries. Therefore, we performed CAS using the dual protection method with proximal balloon and distal filter protection to ensure debris capture [19] . The dual protection method reduced the number of hyperintensity lesions on DWI when compared with the distal filter protection method during CAS.
Conclusions
The dual protection method (proximal balloon and distal filter protection) method reduced the number of hyperintensity lesions in DWI when compared with the filter protection method during CAS.
